ABSTRACT. The T-wave of the patellar tendon reflex (PTR) was recorded in 24 neurologically normal dogs. The surface electromyogram (EMG) was recorded as the T-wave from the vastus lateralis muscle (VL) in response to percussion of the patellar tendon. The di stance of the reflex arc (DRA) was measured along the straight line between the spinous process of L5 and the greater trochanter (GT), and between GT and the patellar ligament (PL). There was a significant correlation (P<0.001) of the latency with the DRA on each side, but no difference in the slopes of the relationships between right and left VL was shown. The regression line between the DRA a nd the latency of all data was Y = 0.0216X + 1.693, where Y = latency in ms, X = DRA in mm. The mixed sensory-motor conduction velocit y was estimated as 84.6 ± 5.5 m/s. In contrast, there was no significant correlation between the DRA and the amplitude of the T-waves. The mean (mean-CV) and standard deviation (SD-CV) of all CV (coefficient of variation) in each dog were 9.14 ± 3.65% in latency and 3.54 ± 1.14% in amplitude, indicating that the use of a simple hand-held reflex hammer is sufficient to record the reproducible T-wave of the PTR even in unanesthetized dogs. This method was applied to a case with minimal paraparesis, and the latency of the T-wave of the PTR in the right hind limb with slight proprioceptive deficit was outside of the upper limit of the 95% confidence interv al between latency and the DRA. In conclusion, this method may be used in neurological diagnosis to quantify more precisely the PTR in dogs. KEY WORDS: canine, paraparesis, patellar tendon reflex, T-wave, 95% confidence interval.
The tendon reflex is an important index in the neurological examination both in human [26] and veterinary [13] medicine. Although tendon reflexes are elicited in some muscles (e.g. cranial tibial, quadriceps, triceps and biceps brachii muscles), the patellar tendon reflex (PTR), or the quadriceps reflex or knee-jerk, is tested routinely because of the reliability of the reflex [13] .
Generally, the tendon reflex is estimated subjectively by clinical grading, and reported as being clonus, increased, normal, reduced or absent [13, 28] . Although tendon reflexes can be recorded as the T-wave (electromyographic activity) using surface electrodes from the muscles in response to percussion of the tendon [1, 26] , a normal visual evaluation by clinical grading of the reflex does not guarantee the normality of the T-wave in humans [28] . Because of the high variability of the tendon reflex within a subject and between subjects, standardization of tendon reflex testing has been described for motor control studies [4, 9, 17] , and for diagnostic testing for peripheral nerves and segmental disorders [16, 18] in humans. However, no information is available about the standardization of tendon reflex testing and reference values in dogs. The aim of this study was to obtain reference values for the T-wave of the PTR in normal dogs. The application to a case with minimal paraparesis was also examined.
MATERIALS AND METHODS
Experimental animals: Twenty-four neurologically normal dogs of both sexes, aged 1.5 to 10 years and weighing 7.0-36.0 kg, were used. The dogs were well acclimated to lateral recumbency in a shielded room without any sedative or anesthetics.
Recording procedures: The surface EMG was recorded from the vastus lateralis (VL) muscle in response to percussion of the patellar tendon. The electrodes were 10 mm Ag/ AgCl discs. The recording electrode was placed over the muscle belly at the midpoint between the greater trochanter (GT) of the femur and the patellar ligament (PL). The reference and ground electrodes were placed over the GT and the dorsal surface of the base of the tail, respectively (Fig. 1) . The electrodes were attached with double-sided adhesive tape to the clipped skin. The preamplifiers (Polygraph 360 system, NEC-Sanei, Tokyo) were AC-coupled and had a sensitivity of 2 mV/cm, a time constant of 0.03 s, and a highcut frequency of 10 kHz. Analog signals were recorded on the data-recorder (MR-10, TEAC, Tokyo) with a trigger signal from the tendon hammer.
The tendon percussion was delivered using a conventional hand-held tendon hammer that triggered the oscilloscope on contact. This was achieved by connecting a wire sewn into the rubber of the tendon hammer to one side of a BNC connector. The other was connected to an electrically conductive sheet taped to the skin over the tendon so that the percussion shorted the trigger input to the data recorder. The T-wave was measured on the left hind limb in 12 dogs chosen at random, and on the right hind limb in the other dogs. The T-waves were analyzed using an off-line medical signal processor (7T08, NEC-Sanei, Tokyo) with a sampling time of 100 us and an analyzing time of 51.2 ms. The latency was measured from the onset of the trigger signal, which occurred simultaneously with the tendon percussion, to the onset of the reflex EMG potential, i.e. the onset of the first deflection, and the amplitude was measured as the peak-to-peak distance of the T-wave (Fig. 2) . The angle of the knee joint was fixed about 90 degree when a tendon percussion was delivered. This angle was spontaneous position in many cases when a dog was in a relaxed lateral recumbent position. Preliminary tendon percussion was applied repeatedly as necessary to confirm the reproducibility of the tendon reflex based on the findings of the reflex EMG potentials. Twelve successive trials of the T-waves were recorded in each dog, and the two trials with the maximum and the minimum latency were excluded from the analysis. Thus, the results of 10 trials were analyzed. The mean latency and the mean amplitude of the 10 trials were used as representative data for each dog. The reproducibility within a dog was expressed as the coefficient of variation (CV) of the 10 trials, and was calculated as the standard deviation of the mean latency or mean amplitude divided by mean latency or mean amplitude, respectively for each dog. The reproducibility between dogs was calculated as follows: mean-CV is the mean of all CVs, and SD-CV is the standard deviation of all CVs for all dogs.
The distance of the reflex arc (DRA) was measured to the nearest millimeter along the straight line between the spinous process of the L5 (L5) and the GT, and the GT and the PL when the angle of the knee joint was fixed about 90 degree ( Fig. 1) . Each measuring point was determined by palpation on the surface of the body.
Application to a case with paraparesis: Lumber spinal functions in a case with a paraparesis were evaluated. The case was a 8-year-old female English pointer weighing 15 kg. The first clinical sign was a slight staggering gait in pelvic limbs for a few days. She suddenly could not stand up and walk. The time course of the changes in the spinal reflexes, proprioceptive sensation and the clinical grading of the paresis [21] was assessed closely. On the first day of onset of the clinical sign, pelvic limbs showed severe paraparesis (grade 1), and quadriceps in both hind limbs and perineal reflexes were absent. The flexor reflex was reduced in both hind limbs. The clinical signs did not show progressive course. Survey radiography finding of the spine was normal on the second day of onset of the clinical sign. The dog did not show hyperesthesia. According to the time course of the clinical signs, signalment and the history, the case was diagnosed tentatively as fibrocartilagious emboli, but the compressive spinal cord lesions could not be excluded because myelogaphy and CT examination were not applied [13] . The dog was treated with a corticosteroid (predonisolone: 3 mg/kg/day, PO, sid for 5 days, and reduced to 2.3 mg/kg/day for 3 days, and to 1.5 mg/kg/day for 4 days). The dog got well favorably and showed clinical grade 3 on 6 days after onset of the first clinical sign, and the quadriceps reflex in the left hind limb and the perineal reflex recovered. On 9 days after onset of the first clinical sign, quadriceps reflex in the left hind limb and flexor reflex in both hind limbs recovered, but abnormality of the proprioceptive sensation was more severe in the left hind limb than the right one. The dog still showed knuckling in both hind limbs occasionally on 100 and 133 days after onset of the first clinical sign, thus the clinical grade was assessed 4 with minimal paraparesis [21] . The minimal paraparesis on these days was evaluated with the T-wave of the PTR. Figure 2 shows a typical recording of the T-wave of the PTR in a normal dog. The use of a hand-held hammer enabled stable responses to be recorded. The latencies of Twaves on the left VL in all dogs ranged from 6.46 to 11.33 ms, and those in the right VL from 7.60 to 11.00 ms. The CV of latencies in each dog varied from 4.34% to 20.90%, and the mean-CV and the SD-CV were 9.14 ± 3.65% among all dogs (Table 1 ). There was a significant correlation of latency with the distance of the reflex arch on each side; however no difference in the slopes of the relationships between the right and the left VL was shown. Therefore, all data on latencies were grouped. There was also a significant correlation (P<0.001) between latency and DRA; the regression line was Y = 0.0216X + 1.693, where Y = latency in ms, X = DRA in mm (Fig. 3) . The 95 % confidence intervals for latency were calculated (Table 2) for DRA between 200 and 455 mm, and also plotted on Fig. 3 . These latencies varied widely, ranging from a minimum latency of 4.87 ms (DRA=200 mm) to a maximum latency of 12.68 ms (DRA=455 mm). The mixed sensory-motor conduction velocity in the PTR was estimated using the same calculation used for the estimated conduction velocity in the Hoffman (H) pathway [16] [17] [18] as follows: (DRA × 2)/(L-1), where L is the latency, and 1 ms was subtracted from the denominator as the central synaptic delay. The mixed sensory-motor conduction velocity was estimated as 84.6 ± 5.5 m/s, and the CV was 6.5%.
RESULTS
There was no significant correlation between the DRA and the amplitude of the T-waves. The coefficients of the amplitude for each dog ranged from 1.91% to 6.62%, and mean-CV and the SD-CV were 3.57 ± 1.14% among all dogs. Neither age nor weight was correlated significantly with the latencies and amplitudes of T-waves.
Application to a case with minimal paraparesis: The DRA was 36.0 cm in both sides. Therefore the range of the 95% confidence intervals of latency for this DRA is between 8.42 and 10.51 ms ( Table 2 ). The mean latency of 10 trials of the T-waves in the left hind limb (10.13 and 10.27 ms on 100 and 133 days after onset of the first clinical sign, respectively) were within the range of the 95% confidence intervals. On the contrary the mean latency in right hind limb (10.76 and 10.60 ms on 100 and 133 days after onset of the first clinical sign, respectively) were outside of the upper limit.
DISCUSSION
The tendon reflex is of limited use in clinical neurophysiology because of its variability within a subject and between subjects [16, 26] . The method of stimulation (tendon tap) has been questioned as the cause of reflex variations, and various kinds of mechanical hammers have been constructed to produce constant and reproducible tendon taps [16, 17] . However, the reproducibility of tendon jerks is no less if a hand-held percussion hammer is used under controlled conditions in humans [16] . They have compared the amplitudes of the tendon reflex with two different hammers using CV values. The mean-CV of amplitudes in the quadriceps reflex after an instrumental stimulation was 31.7%, and 25.5% after a manual stimulation. On the other hand, after a manual stimulation with a hand-held hammer in humans, the mean-CV and SD-CV in latency of the tendon jerk of the VL was 3 ± 0.1% under resting conditions, and 4 ± 1% under contracting conditions [26] . In the present study, a hand-held hammer was used in dogs without any chemical restraints, and the mean-CVs for amplitude and latency were 3.57 ± 1.14 and 9.14% ± 3.65%, respectively. The lower CVs for amplitudes indicate that the PTR in dogs may be sufficient to assess the tendon reflex without any sedatives or anesthetics. The larger CV of latencies in dogs may in part depend on the shorter distance of the reflex arc. The latencies of the T-wave of PTR in this study ranged from 6.46 to 11.33 ms among dogs, and apparently are shorter than those in humans (21.5 ± 1.7 ms) [26] , thus a certain change in latency may influence the CV in dogs much more than in humans.
In humans, the latency of the tendon jerk reflex has been correlated with subject height [17, 20, 26] , and the distance from the anterior superior iliac spine to the upper medial edge of the patella [28] . Subject height may reflect the length of the reflex arc, or the length of the peripheral nerves involved in the arc. There was a close correlation between the DRA and the latencies in this study; however, it was difficult to measure the length of the reflex arc accurately. On the other hand, peripheral nerve function in clinical neurophysiology has been evaluated in nerve conduction velocity studies, and the conduction velocity in the monosynaptic reflex has been also considered using similar methods. The conduction velocity in the T-waves of the patellar tendon [28] and of the Achilles tendon reflex [27] in humans have been investigated, but without respect to central synaptic delay. Troni [22, 23] analyzed the conduction velocity in the Hoffman (H) reflex pathway of the lower limbs in humans, and estimated the H conduction velocity (HCV) as the mixed sensory-motor conduction velocity in the entire length of the monosynaptic circuit with an estimated central synaptic delay of 1 ms. The mean value of the HCV was 60.9 m/s when the stimulus was applied at the popliteal fossa. A similar value, but without the central synaptic delay, has been calculated for the H reflex latency rate in dogs [8] . The authors measured the distances from the stimulus electrode near the tarsus to the skin dorsal to the lumbosacral joint and from that point to the recording electrode in the plantar interosseous muscle, and calculated the H reflex latency rate. The normal H-wave latency rate of 30 to 50 m/s was obtained, but these values may be underestimated because they do not include the central synaptic delay. On the other hand, motor (MNCV) and sensory nerve conduction velocities (SNCV) in dogs have been recorded for the diagnosis and evaluation of neurological diseases and injuries of the lower motor neurons [6, 14, 19] , but the maximum velocities have varied markedly. Temperature correction may contribute to reduce these discrepancies because the nerve conduction velocity is closely related to the intraneural or tissue temperature. The MNCV of the ulnar nerve of the dog has been reported to decrease by 1.7 m/s for every degree centigrade decrease in tissue or perineural temperature [10] , and the drop in SNCV was 1.6 or 2.0 depending on the intensity of the stimulus [12] . Tuler and Bowen [25] showed that the temperature-corrected per- [12] . From these maximum conduction velocities, the mean value, or the mixed sensory-motor conduction velocity, of 79 m/s was estimated. In the present study, the mixed sensory-motor conduction velocity was 84.6 ± 5.5 m/s. This value is larger than the normal H-wave latency rate and the mean conduction velocity in dogs mentioned earlier. This discrepancy may be explained in part by overestimation of the DRA, which contributed to the overestimation of the velocity. The position of the patellar ligament was used to measure the distance in this study but the end plate and/or the muscle spindle are electrophysiologically separate from the patellar ligament. Although it is impossible to get the precise conduction velocity using this method, the method has useful clinical applications as follows.
The clinical usefulness of reflex latency measurement has been shown for the H reflex. Troni [23] found that the determination of the HCV is a simple and sensitive diagnostic tool for detecting early nerve dysfunction in diabetic polyneuropathy. The F-wave is also a more sensitive method than the Achilles tendon reflex and H-reflex in assessing the excitability of the lower motoneurons [11] . However, the latency of mechanically evoked Achilles reflexes is more sensitive than H reflex latency in predicting the diagnosis of S1 root compression [15] . Uysal et al. [26] revealed that tendon jerk reflex testing is more likely to be of value in clinical practice when disease produces hyporeflexia rather than hyperreflexia, and when the process is unilateral rather than bilateral. Lower motor-neuron deficit patients showed slower velocity than normal subjects but there were no differences in the amplitude [28] . The case in this study recovered rapidly, and showed the clinical grade 3 on 6 days after onset of the first clinical sign. However, the proprioceptive deficits still remained for a long time. Longer latencies of the T-wave of the PTR in the right hind limb on 100 and 133 days after onset of the first clinical sign revealed that the abnormality of the tendon reflex including proprioceptive sensation was more severe in the right hind limb than in the left one. This functional difference between right and left hind limbs could not be assessed accurately by clinical grading. Therefore, the T-wave of the PTR may be useful to detect the slight neurological deficits in the tendon reflex. On the other hand, Troni et al. concluded that the HCV, within the limits of the applicability of the method to clinical practice, deserves to be considered as the tool of choice for longitudinal conduction studies [24] . The 95% confidence interval for latency ( Table 2 ) may be of value as the tool of choice for longitudinal studies of clinical conditions because this method can be used even in unanesthetied animals. However the usefulness of this application was not assessed on 6 and 9 days after onset of the first clinical sign in this case. It should be estimated in the future to confirm its usefulness for clinical cases with lumber spinal deficits.
On the other hand, the assessment of hyperreflexia may be difficult using this method. It is commonly agreed that spastic muscle hypertonus is attributable primarily to increased stretch reflex activities. Zhang et al. [29] developed a new method to evaluate the tendon reflex in hyperactive. They found that patients with spastic multiple sclerosis had a significantly higher reflex gain and contraction rate, and shoter reflex loop delay, indicating hyperexcitability of motoneurons and peripheral receptors. In veterinary neurology, upper motor neuron deficits are not rare but there is still uncertainty about the usefulness of the latency of the Twave for diagnosis, and necessity of development of a new diagnostic method. Although numerous attempts have been made to assess the effects of aging on spinal reflexes including the T-wave, the data are equivocal. Older people tend to have weaker reflex responses and longer reflex latency than the younger population [2, 3] . However no significant age difference was found between mechanically and electrically elicited Achilles tendon reflex and H reflexes [5] . The ages of dogs used in this study varied widely from 1.5 to 10 years, but age-related changes were not observed. However, the number of dogs was too small to decide the effects of age on the T-waves. Recently, skeletal and muscle problems including difficulty in moving have been observed in aged dogs [7] , and it is anticipated that this method will be valuable for differential diagnosis to determine whether or not the spinal cord is involved.
In conclusion, a simple hand-held reflex hammer is sufficient to record the reproducible T-wave of the patellar tendon reflex in unanesthetized dogs. Based on the 95% confidence interval for the relationship between latency of the T-wave and the DRA, this method may be used in neurological diagnosis to quantify more precisely the PTR in dogs.
